Environmentally friendly products are one of the most important tasks in agriculture. Microorganisms of different origin are used for the production of biological preparations pathogenic to pests. The preparations based on entomopathogenic bacteria Bacillus thuringiensis (Bt) are of the most interest due to their selective action, safety for humans, warm-blooded animals, beneficial insects and the environment. The departmental collection of beneficial microorganisms for agricultural purposes (RCAM collection, St. Petersburg) stores B. thuringiensis with known cultural, morphological, physiological, biochemical, technological, insecticidal and other properties. One of the priorities of collection strains is B. thuringiensis var. darmstadiensis (BtH 10 ) ¹ 25, which bases the preparation Batsikol and has a specific effect on Coleoptera and antifungal activity against a number of pathogenic fungi. Strain BtH 10 ¹ 25 deposited in the RCAM collection under registration number 01490 RCAM (patent ¹ 2514023, 2014). To obtain qualitative preparation with a maximum accumulation of exotoxin and high titer we need to create optimal conditions for cultivation and improve the formulation of nutrient media for microorganisms-producers of biological preparations. The objective of our research was to choose nutrient medium, work out cultivation regimes (aeration, temperature, pH, dosage, form, and age of inoculum) of strain BtH 10 ¹ 25, and to determine its technological effectiveness, insecticidal and antifungal activity as well as the extent of exotoxin formation in test objects. The best results were obtained in the pea flour medium, instead of soy flour: spores titer in liquid culture was 4½10 9 /ml, activity to housefly (exotoxin content) was LC 50 3.1 mkl/g feed, the inhibitory activity was 70.0 % to Fusarium oxysporum and 75.0 % to Botrytis cinerea. It was found that barley, oat flour, and mixtures of soybean and barley flour could be used for the preparation production. The optimal development of the culture was observed at a ratio of medium volume-to-air from 1:30 to 1:15, and pH of the nutrient medium 6.65-7.20. Liquid culture media and the spore culture rinse can be used as an inoculum. Laboratory and field evaluation of preparation revealed its high efficiency against phytophagous pests (79-100 %) and plant pathogens (70-90 %). Thus, the activity of the strain B. thuringiensis var. darmstadiensis ¹ 25 against the larvae of beetles on different crops is 1.3-1.4 times higher than the activity of strain B. thuringiensis var. darmstadiensis ¹ 109.
The main objective of plant protection biologization is obtaining full value and environmentally safe agricultural products ensuring the replenishment of biosphere resources [1] . Microorganisms of different origin are used for the production of entomopathogenic biological preparations. Currently, the use of bacteria that perform phytoprotective function is developing intensively. Thus, bacteria of the Bacillus genus have pathogenic properties against herbivore harmful insects and plant pathogens [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Among the microbial plant protectors, the leadership belongs to biological products based on Bacillus thuringiensis Berliner (Вt) [1] . Unlike pesticides, these preparations have a selective and specific effect on insect pests. It is particularly important that they are safe for humans, warm-blooded animals, beneficial insects, and the environment [15] [16] [17] .
It should be noted that Bt spore-forming bacteria are the most common agents of microbiological control of the number of insects. These formulations contain the following active ingredients: spores, crystalline endotoxin of protein nature, metabolites, and thermostable exotoxin in some cases.
The entomopathogenic biopreparations Bitoxibacilin based on B. thuringiensis var. thuringiensis (ВtН 1 ) which is used mainly against Lepidoptera [1] , Bacicol based on B. thuringiensis var. darmstadiensis (ВtН 10 ) with a specific effect on Coleoptera [18] and antifungal activity against several phytopathogenic fungi [19] , Bactoculicid based on B. thuringiensis var. israelensis (ВtН 14 ), highly effective against mosquitoes, gnats, rice and champignon mosquitoes [20, 21] have been developed in the All-Russian Research Institute for Agricultural Microbiology.
Development of biological products was preceded by the research to search, isolate, and identify the bacillus of the thuringiensis group. Isolated strains with known cultural, morphological, physiological, biochemical, technological, insecticidal and other properties are stored at the Russian Collection of Agricultural Microorganisms, the beneficial microorganisms for agricultural purposes (RCAM, St. Petersburg-Pushkin). They are of commercial interest and may be used as the producers of biological preparations for the control of the number of agricultural pests.
One of the priorities of the collection of strains is B. thuringiensis var. darmstadiensis ¹ 25, isolated from dead Colorado potato beetle in Leningrad Region, used as the producer of the Batsikol. It is deposited in the RCAM collection under registration number RCAM01490 [22] .
It is necessary to establish and improve the formulation of culture media for microorganisms in the process of biological product development. Furthermore, to obtain a quality product, optimization of aeration, temperature, and pH is required, as well as proper dosages, forms, and age of inoculum.
The purpose of this study was to choose nutrient medium and work out cultivation regimes for strain Bacillus thuringiensis var. darmstadiensis ¹ 25, and to determine its technological effectiveness, insecticidal and antifungal activity, and exotoxin content.
Technique. To cultivate the strain of Bacillus thuringiensis var. darmstadiensis ¹ 25, nutrient media of different composition were prepared (pH of 7.4-7.6 prior to sterilization), 40 to 50 ml of the media were dispensed into Erlenmeyer flasks and sterilized by autoclaving at 125 С for 30 min. After sterilization pH was 6.8-7.2. The medium cooled to 30-35 С was inoculated with bacteria grown on slant fish agar (FА), the culture was grown in flasks on a shaker at 220 rev/min and a temperature of 29 С for 56-70 hours until full maturity, sporulation and formation of crystal endotoxin.
Evaluation of the number of cells and insecticidal activity expressed in LC 50 to Colorado potato beetle Leptinotarsa deсemlineata Say. larvae of natural population, and also the exotoxin content expressed in LC 50 to housefly Musca domestica Linn. larvae was performed according to the method described [23] .
The antifungal activity of B. thuringiensis var. darmstadiensis ¹ 25 was studied in Petri dishes using the agar block method [24] . Fusarium oxysporum and Botrytis cinerea fungi were the test cultures. The B. thuringiensis var. darmstadiensis ¹ 25 liquid culture (5 % concentration) was inoculated into Czapek molten cooled to 40 С, and dispensed into Petri dishes. Blocks cut out of the 10-day test fungus culture were placed on the surface of solidified agar. The medium containing no product was the control. Diameters of fungus colonies were measured after 5 days. The inhibitory activity of B. thuringiensis var. darmstadiensis ¹ 25 was calculated by the Abbott's formula [25] :
where D c and D e are diameters of fungal colony in control and experiment (cm), respectively. Laboratory experiments to determine the preparation insecticidal activity against rapeseed, cabbage, horseradish, oriental mustard, and elm leaf beetles (Chrysomelidae) ware performed as follows. The preparation was diluted with distilled water to concentrations of 1.0, 0.2, and 0.04 % and used to treat rape, horseradish, mustard, cabbage, and elm leaves. After drying, leaf cuttings were covered with moist cotton swabs, placed in vials with water, and transferred to crystallization vessels. In each version of experiment, 25 larvae of corresponding beetle species were put on leaves, and crystallization vessels were covered with calico cloth (triple repetition for each version). Insecticidal activity was evaluated from the preparation concentration causing the death of 50 % of larvae (LC 50 ) at the day 5 of experiment.
Field experiments were performed in different regions of the Russian Federation against a number of phytophagous pests in various plants.
Expirements against Colorado potato beetle in potato were performed at the farms of Leningrad and Novosibirsk Regions and Stavropol Territory. Potato planting area of 200 m 2 infected with Colorado potato beetle was treated with the agent at the rate of 12 l/ha and working fluid flow of 400 l/ha. Counting was performed with 25 plants selected along the area diagonal prior to treatment and at the days 5 to 10 post-treatment.
Polka strawberry was treated during budding in Leningrad Region at areas of 100 m 2 . The rate of the preparation use was 10 l/ha. Buds infected with strawberry and raspberry weevil were counted prior to treatment and at the days 10 and 20 post-treatment in 25 plants. Berries infected with grey mould were evaluated at the day 20.
In Leningrad, Novosibirsk, and Volgograd Regions, preparation efficacy against cruciferous fleas, cabbage leaf beetle and cabbage moth beetle was tested at the areas of 50 m 2 in rutabaga, rape, mustard, and cabbage. The rate of the preparation use was 10 l/ha. Counting was performed prior to treatment and at the days 5 and 10 post-treatment. Total of 20 plants were examined, and the percentage of occupancy was calculated.
Biological efficiency of preparation was calculated by Abbott's formula [25] .
Mathematical data processing was carried out with B.A. Dospehov method [26] .
Results. The choice of optimized media allowing for the cultured organism needs is required for its best growth and biosynthesis of metabolic products. The specifics of the individual components are essential to culture development and formation of entomotoxic metabolites. Experiments conducted by N.V. Kandybin et al. [1] demonstrated maximum insecticidal activity of the batsikol producer strain in soy flour, fodder yeast, corn starch media and in the medium with sucrose and molasses.
In our experiments with B. thuringiensis var. darmstadiensis ¹ 25, we have tested various sources of nitrogen nutrition, such as barley, pea, buckwheat, oat, and soy flour (2-3 %) (Table 1, Fig.) . Corn starch was used as the source of carbon. The best results were obtained in the pea flour medium, instead of soy flour, particularly spore titer in liquid culture was 4½10 9 /ml, LC 50 activity to housefly (i.e. the exotoxin content in feed) was 3.1 µl/g, and inhibitory activity was 70.0 % to F. oxysporum and 75.0 % to B. cinerea.
Spore titer and exotoxin content in preparation samples based on strain
Relatively high rates were registered in the barley and oat flour media, and in the mixtures of soy flour with buckwheat and barley flour. The spore titer in liquid culture ranged from 2.3½10 9 to 3.1½10 9 /ml, exotoxin content was 2.87-3.36 µl/g. Inhibitory activity ranged from 39.5 to 65.0 % to F. oxysporum and from 42.4 to 69.2 % to B. cinerea.
Further research to identify appropriate cultivation regimens for strain ВtН10 ¹ 25 was performed using pea flour medium.
The aeration at Bt growing in flasks on a shaker depends on the number of the shaker revolutions per minute and on the volume-to-air medium ratio. In our experiments, medium volume in 750 ml flasks ranged from 25 to 200 ml. The optimal development of the culture was observed at a ratio of medium volume-to-air of 1:30 and 1:15 (2 and 50 ml of medium per flask).
Changes in the medium active acidity (pH) may depend both on its composition and on the physiological characteristics of a microorganism. We found that the maximum spore titer (3.2½10 9 -4.02½10 9 /ml) was provided by nutrient medium with pH 6.65-7.20, which is consistent with the results obtained by O.A. Dregvalj [27] and Y. Icgen [28] .
The volume of culture medium of 50 ml was used in the study of the effect of the dose, form, and inoculum age on the productivity of strain B. thuringiensis var. darmstadiensis ¹ 25. As an inoculum we used a rinse of 7-day spore culture grown on slant fish agar, the spore liquid culture, and various age (3 to 30 days) FA culture rinses.
The dose of inoculum of 0.1-0.5 ml per 50 ml of medium, which corresponded to 0.2-1.0 %, had no significant effect on strain productivity. The cul- [29] .
Based on strain B. thuringiensis var. darmstadiensis ¹ 25, experimental preparation samples tested in laboratory experiments were prepared. Results summarized in Table 2 Evaluation of efficacy of the preparation based on strain B. thuringiensis var. darmstadiensis ¹ 25 in field conditions against phytophagous pests demonstrated its high insecticidal activity (Table 3 ). Earlier in experiments we have established in vitro antifungal effect of the preparation based on B. thuringiensis var. darmstadiensis against pathogenic fungi Botrytis cinerea, different species of Fusarium, Rhizoctonia, Bipolaris sorokiniana, Alternaria sp., etc. Antifungal activity has also been confirmed by field trials [19] .
Efficacy of liquid batsikol based on strain
In this study, multifunctional activity of the preparation based on strain B. thuringiensis var. darmstadiensis ¹ 25 against strawberry and raspberry weevil Anthonomus rubi and grey mould Botrytis cinerea has been shown in field experiments (Table 4 ). Laboratory and field evaluation revealed high efficiency (79-100 %) of Batsikol based on a new strain Bacillus thuringiensis var. darmstadiensis ¹ 25 against Coleoptera phytophagous pests and plant pathogens in various crop plants, and its high antifungal activity. Optimum regimes of cultivation have been developed for strain B. thuringiensis var. darmstadiensis ¹ 25, its adaptability in pea flour media is 4½10 9 spores/ml in liquid culture. It should be noted that because of biologics in shortage, the development of microbiological preparations with multifunctional properties is most promising.
Efficacy of the preparation

